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(54) Digitizer stylus and method of operation 

(57) The invention provides for a stylus (6) for use 
with a digitizing tablet (9), such as that associated with 
the display of a portable computer (3). The stylus (6) con- 
tains memory means which stores data such as its oper- 
ating state (i.e., states of user-controlled buttons, state 
of charge of battery), a stylus identification code, and 



fault codes which indicate error conditions which may 
arise and in which the stylus (6) transmits the contents 
of the memory means, by a serial bit stream, to the com- 
puter (3). 
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Description 

The present invention relates to a digitizer stylus and 
method of operation. 

The present invention is also related to the subject 
matter of the European patent application filed 13th 
December 1995 under Attorney reference No. 
PL98194EP to the present applicant. 

The invention concerns the transmission of informa- 
tion from a stylus, used with a digitizing tablet, to a sys- 
tem which processes the information. 

Pen-based portable computers contain digitizing 
tablets, usually associated with the computer's display 
screen, and by which a user can enter information by 
way of a stylus. The stylus transmits a position signal, by 
which the computer ascertains the position of the stylus. 

The invention seeks to provide for a stylus apparatus 
and method having advantages over known methods 
and apparatus. 

In accordance with one aspect of the present inven- 
tion there is provided stylus apparatus for providing an 
electrical data signal characterized by memory means 
for storing data and interface means for converting the 
stored data into a serial bit stream. 

In addition to the transmission of a position signal, 
the stulus of the present invention can advantageously 
transmit other data indicative of operating conditions of 
the stylus. 

The invention is advantageous in providing for an 
improved stylus for use with a digitizing tablet. 

The invention can also provide for a stylus which 
contains memory, and which transmits the contents of its 
memory to a receiver. 

Preferably said means for converting comprises 
logic means. Advantageously said memory means com- 
prises pre-programmed memory means. 

In one form of the invention, a stylus, of the type com- 
monly used in pen-based computers, can contain mem- 
ory which stores information such as battery condition 
or a serial number of the stylus. The stylus can read the 
memory, and forward the memory contents to its asso- 
ciated computer by telemetry. 

According to another aspect of the present invention 
there is provided stulus apparatus for providing an elec- 
trical data signal, characterised by memory means for 
storing data and interface means for allowing a user to 
program the memory. 

According to yet another aspect of the present inven- 
tion there is provided a method of operating a stylus, 
characterized by steps of; 

a) storing data elements indicative of any two or 
more of the following: 

i) an identification number, 

ii) a colour, 

iii) battery status, or 

iv) pressure transducer output; 



b) for each piece of data, generating a packet pair, 
comprising serial data representing the piece of data 
and an identification packet; and 

c) repeatedly applying the packet pairs, separated 
s by a packet demarcation code, to the tip of said sty- 
lus. 

The invention can also provide for a stylus for use 
with a digitizing tablet, such as that associated with the 

10 display of a portable computer. The stylus contains mem- 
ory means which stores data such as its operating state 
(i.e., states of user-controlled buttons, state of charge of 
battery), a stylus identification code, and fault codes, 
which indicate error conditions which may arise and in 

15 which the stylus transmits the contents of the memory 
means, by a serial bit stream, to the computer. 

The invention is described further hereinafter, by 
way of example only, and reference to the accompanying 
drawings in which: 

20 

Fig. 1 illustrates a portable computer and a stylus; 

Fig. 2 is a more detailed schematic of a stylus 

embodying the present invention; 

Fig. 3 illustrates several components contained 
25 within a stylus embodying the present invention; 

Fig. 4 illustrates apparatus for sensing condition of 

the battery within the stylus of Fig. 3; 

Fig. 5 illustrates parallel-to-serial conversion of data 

stored within a stylus embodying the present inven- 
30 tion; 

Fig. 6 illustrates apparatus for the generation of a 

carrier, which is amplitude-modulated, in order to 

carry the serial data of Fig. 5. 

Fig. 7 illustrates storage of multiple-bit words within 
35 the stylus, and generation of serial data packets for 

each word; 

Fig. 8 illustrates logic for generating serial packets 
from the words stored in the memory; 
Fig. 9 illustrates a DIP switch which can be used to 
40 program memory within the stylus; and 

Fig. 10 illustrates a plurality of computers arranged 
for operation in accordance with the present inven- 
tion. 

45 Fig. 1 illustrates a portable computer 3 having a dis- 
play 9 and associated with a cordless stylus 6. An oper- 
ator of the computer 3 uses the stylus 6 to draw or write 
upon the display 9, as though the stylus were a pencil or 
pen etc. The stylus 6 transmits signals by which the com- 

50 puter 3 can ascertain the position of the stylus 6. 

Fig. 2 is a schematic which shows greater detail of 
the stylus of Fig. 1 . The stylus contains registers which 
store data. Three types of such data are the following. 
One type indicates the status of a barrel switch, 

55 located on the barrel of the stylus. When this switch is 
depressed, a sensor, such as that indicated in Fig. 3, 
detects the depression of the switch. In the sensor, two 
switch contacts 12 and 15 are forced together, pulling 
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one end of the resistor R to 3 volts, and so providing the 
three-volt signal indicated. 

Another type of data indicates the status of a tip 
switch. When the user presses the stylus against the dis- 
play 9, the TIP is forced to retract. The retracted position s 
is indicated in Fig. 2. A sensor, which can be similar to 
that shown in Fig. 3, detects the retraction, and issues a 
signal. 

A third type indicates battery condition. The stylus 
is powered by one or more electrical batteries. Such a 
battery is shown in Fig. 4. The stylus contains a compa- 
rator, which compares the battery voltage with a refer- 
ence voltage. When the battery voltage falls below the 
reference voltage the output of the comparator switches 
state, thereby producing a battery-condition signal. 

Three stylus signals have been discussed, namely, 
tip switch status, barrel switch status, and battery condi- 
tion. The sensors producing these signals feed registers, 
or other memory means, which hold them, as shown in 
Fig. 5. It should of course be noted that registers are not 
necessarily required in all cases. For example, if a signal 
is produced by a switch closure, as in Fig. 3, the closed 
switch itself acts as a register. Other types of data, dis- 
cussed later, can also be held in the other registers, as 
indicated in Fig. 5 by the block OTHER DATA. 

The block in Fig. 5 termed PARALLEL-SERIAL 
CONVERSION reads each register and produces a 
serial bit stream based on the register contents, as indi- 
cated in Fig. 5. For example, the right-most bit, the 0 
labeled OTHER DATA, corresponds to the 0 in the serial 
stream which is adjacent the START BIT, as indicated by 
the dashed arrow. 

The bit stream is a pulse train which is amplitude- 
modulated. The pulse train can be viewed as produced 
by a sine wave generator shown in Fig. 6. When a logic 
1 is to be produced, the switch is closed, thereby con- 
necting the sine wave generator to the tip, thereby pro- 
ducing a 1 signal. A 1 signal is indicated in the serial bit 
stream of Fig. 5. 

The tip is capacitively coupled to the display 9 when 
in close proximity thereto. The 1 signal is thus detected 
when the tip contacts, or is close to, the display 9. 

In Fig. 5, a START BIT, value 0, indicates the start 
of a serial bit stream. A STOP BIT, value 1 , indicates the 
termination of a serial bit stream. The serial bit stream is 
preferably eight bits long, and contains one bit for each 
of the registers shown in Fig. 5. 

In addition, other overhead bits are transmitted, 
along with the information packet of eight bits. These are 
used for such matters as error-correction. 

Apparatus for (a) producing a serial bit stream, 
based on the data stored in the registers, (b) inserting 
the start and stop codes, and (c) producing error-correct- 
ing codes, is generally known in the art. 

Therefore, one form of the invention has been dis- 
cussed, wherein a stylus stores single-bit pieces of infor- 
mation. The invention transmits these bits, in serial 
fashion, by amplitude-modulating a sine wave train, and 
applying this wave train to the tip of the stylus 6. 



In another form of the invention, the data stored 
within the stylus 6 is not limited to single-bit information. 
For example, the tip switch can be replaced by a pressure 
transducer, which produces an analog voltage, based on 
the downward pressure applied to the tip when a user 
presses the stylus 6 against the display 9 of Fig. 1 . 

The analog voltage can be converted to digital form, 
via analog-to-digital conversion stage, thus producing a 
multi-bit word indicative of tip switch position. This word 
can be stored in a register, as shown in Fig. 7, which is 
associated with the block TIP SWITCH POSITION SEN- 
SOR, which produces the word. 

Similarly, multi-bit words can be generated indicative 
of the barrel switch position, and battery voltage, as indi- 
cated. 

These multi-bit words are converted into packets of 
serial bits, again by amplitude-modulating a carrier, and 
applying the carrier to the tip of the stylus 6. Another 
piece of data is transmitted in addition to the data 
described in the single-bit case, namely, an identifier for 
the data in the packet. Fig. 7 indicates a three-bit identi- 
fier, which allows eight possible types of data to be iden- 
tified. 

A schematic of one type of logic which implements 
the function indicated by the block titled PACKETIZING 
LOGIC in Fig. 7 is given in Fig. 8. This logic can be imple- 
mented in numerous different ways, including software 
running on a microprocessor, or in dedicated hardware. 

The registers, together with their data identifiers, can 
be conceptualized as arranged in ROWs and COL- 
UMNS, as indicated in Fig. 8. The logic arrangement con- 
tinually cycles as indicated by the flow diagram of Fig. 8. 
It reads every bit, left-to-right, row-by-row. Each bit, as it 
is read, is inserted into the serial bit stream. 

As an example, assume that the logic is currently 
reading the data at ROW 1 , COLUMN 1 , namely, bit 45. 
If the data is a ONE, the logic closes the switch in the 
stylus, indicated in Fig. 6, causing the pulse train to be 
connected to the stylus tip. That is, a 1 , as shown in Fig. 
5, is generated in the serial bit stream. 

If the data is a 0, no action is taken, causing a 0, as 
shown in Fig. 5, to be generated. 

Next a column index, C, is incremented, in block 46 
of Fig. 8, causing the next column to be read, and a 1 or 
0 to be generated for each, until the last column is read. 

After the last column is read, the logic takes branch 

50, which causes an end-of-packet code, such as 1 1 1 1 , 
to be sent. A row index, R, is then incremented in block 

51, and the next row is read, column-by-column, by tak- 
ing branch 53. If the last row, ROW 8, has just been read, 
then branch 56 is taken, and the process repeats, start- 
ing at ROW 1 , COLUMN 1 , because both R and C in the 
flow diagram are now re-set to 1 . 

The invention continually cycles through the regis- 
ters, reading each and transmitting the following contin- 
uous serial stream: 

[DATA IDENTIFIER, then DATA], [DATA IDENTIFIER, 
then DATA], etc. If desired, error correction codes can be 
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inserted between each pair of DATA and DATA IDENTI- 
FIER. 

It should be observed that it is possible to make the 
end-of-packet code identical with the start-of-packet 
code, because the start of one packet coincides with the s 
end of another. In this case, block 59 in Fig. 8 can be 
eliminated. This code can then be more generically 
referred to as a packet demarcation code. 

It should also be observed that the data identifier can 
be treated as an identifier of the register storing the data. 10 

The so-called "other data" of Fig. 7 can include the 
following. 

1 . The name of the owner of the stylus. The compu- 
ter can then be programmed with the preferences of is 
the owner, such as preferred display colours. The 
computer can then automatically conform to the pro- 
grammed preferences when it reads the name of the 
owner. 

Also, the computer can be programmed to allow 20 
access to certain files for only specified individuals. 
The name of the owner thus indicates access rights. 

2. A serial number of the stylus. The serial number 
can be useful in tracking lost or stolen styli. Also, the 
serial number can be useful when a stylus is to be 25 
repaired, as under a warranty contract. The serial 
number allows a service technician to maintain a 
separate, external, record of warranty work done on 

the stylus. 

3. A colour of the stylus. When the stylus transmits 30 
its colour code, the computer draws a line in the cor- 
responding colour, if the computer is equipped with 

a colour display. 

The colour can be selectable by the user, 
through a user interface. For example, a colour reg- 35 
ister, as in Fig. 9, can actually take the form of a 
three-bit DIP switch, as shown. A user can program 
the register, and thus select a colour, by setting the 
DIP switches. The three DIP switches behave as 
three registers. 40 

The so-called "other data" can also include fault 
codes, which are generated during testing of the system. 
For example, a control system can test the components 
of the stylus, using known, prior-art procedures. When a 45 
component, such as a memory element or battery sen- 
sor, is found to operate incorrectly, the control system 
loads a fault code identifying the defect into one of the 
locations labeled OTHER DATA. The fault codes are 
given data identifiers as in Fig. 8. so 

Other important considerations also apply. For 
example, the DIP switches act as programmable mem- 
ory, whereas the barrel switch and the tip switch shown 
in Fig. 2 do not act as such memory That is, even though 
these switches produce default signals when they are not 55 
depressed, this characteristic is not considered equiva- 
lent to programmable memory. 

Restated, the BARREL SWITCH in Fig. 3 has a nor- 
mal output of ZERO. A user's intervention is required to 



produce an output of ONE. However, when the user 
ceases to press on the switch, the output returns to 
ZERO. The BARREL SWITCH is not programmable 
memory. 

From another point of view, there is no information 
stored in the BARREL SWITCH, and, consequently, it 
does not act as memory. That is, if you know, in advance, 
that a user is not pressing on the BARREL SWITCH, you 
automatically know the output (ZERO). The BARREL 
SWITCH provides no additional information. 

Some of the registers are pre-programmed, and 
their contents do not change during use. For example, 
those containing the serial number and owner's name do 
not change. 

The contents of some other REGISTERS can, how- 
ever, change. For example, those containing switch sta- 
tuses, pressure transducer values, and battery condition 
will change during use. 

It will be appreciated that the invention is not 
restricted to the details of the foregoing embodiment and 
that numerous substitutions and modifications can be 
undertaken without departing from the true scope of the 
invention. 

Claims 

1 . Stylus apparatus (6) for providing an electrical data 
signal characerized by memory means for storing 
data and means for converting the stored data into 
a serial bit stream. 

2. Stylus apparatus (6) as claimed in Claim 1, and 
including means for transmitting the serial bit stream 
to a receiver. 

3. Stylus apparatus (6) as claimed in Claim 1 or 2, 
wherein the memory is arranged to contain a multi- 
bit word indicating pressure applied to a tip of the 
stylus (6). 

4. Stylus apparatus as claimed in Claim 1, 2 or 3, 
wherein the memory is arranged to contain a multi- 
bit word indicating the state of a barrel switch of the 
stylus. 

5. Stylus apparatus (6) as claimed in Claim 1 , 2, 3 or 
4, wherein the memory is arranged to contain a 
multi-bit word indicating battery condition. 

6. Stylus apparatus (6) as claimed in any one of the 
preceding claims and including memory means 
whose contents change during use, and wherein 
said means for converting is arranged to convert 
said contents to a serial bit stream. 

7. Stylus apparatus (6) as claimed in any one of the 
preceding claims and including logic means for pro- 
ducing a sequence of serial data packets each 



20 



25 



30 



35 



40 



45 



50 



4 



EP 0 717 368 A1 



including data from the memory and an identifier for 
the data. 

8. Stylus apparatus (6) as claimed in Claim 7, in which 
said logic means is arranged to insert a packet s 
demarcation code between each packet. 

9. Stylus apparatus (6) for providing an electrical data 
signal, characterized by memory means for storing 
data and interface means for allowing a user to pro- 10 
gram the memory. 

10. A method of operating a stylus, characterized by 
steps of 

15 

a) storing data elements indicative of any two or 
more of the following: 

i) an identification number, 

ii) a colour 20 

iii) battery status, or 

iv) pressure transducer output; 

b) for each piece of data, generating a packet 
pair, comprising serial data representing the 25 
piece of data and an identification packet; and 

c) repeatedly applying the packet pairs, sepa- 
rated by a packet demarcation code, to the tip 
of said stylus (6). 
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